In this research, few-layer-graphene (FLG) sheets had been successfully fabricated by using a microwave-assisted method. First, graphite intercalation compounds were prepared from potassium-tetrahydrofuran (K-THF) -expanded graphite by solvothermal process, and then the exfoliation was assisted by microwave radiation and sonication process. The resulted nanographene has average thickness about ~ 2 nm with a lateral size of 3-7 μm. Raman analysis showed that the as-synthesized graphene nanosheets contain only a few numbers of structural defects or impurities. X-ray photoelectron spectroscopy and Fourier transform infrared spectroscopy spectra revealed that the nano-graphene consisted of several peaks similar to those of graphite, indicating the effectiveness of the solvothermal reduction method in lowering the oxygen level. The electrical conductivity of the as-synthesized nano-graphene was measured to be 170 S/m. In contrast to the Hummer method, the method is simple, inexpensive, and does not generate toxic gas. This simple method could provide the synthesis of high quality nanographene on a large scale.
INTRODUCTION
Graphene, a single layer of sp 2 -bonded carbon atoms in a two-dimensional hexagonal lattice, has attracted tremendous attention in both fundamental studies and practical applications due to its novel structural and exceptional physical, chemical and mechanical properties [1] [2] . Graphene-based sheets have been shown to be very promising for high-performance nanoelectronics, transparent conductors, polymer composites, and microscopy support, etc. Currently, various methods have been developed for production of graphene, including chemical vapor deposition (CVD) [3] , micromechanical exfoliation of graphite [4] , epitaxial growth on electrically insulating surfaces such as SiC [5] , physical method [6] and chemical processing [7] . Among them, the chemical approach is the most suitable method for economically producing graphene sheets on a large scale.
Currently, the Hummers' method is the most widely used technique for preparing graphene oxide (GO) [8] , which involves oxidation of graphite in the presence of strong acids and oxidants. When oxidized, GO still possess a layered structure, being composed of unoxidized aromatic regions and aliphatic regions, which contain many oxygen functional groups [9] . The π-conjugated system in graphene is disrupted by these oxygen-containing functional groups, producing separated nanocrystalline graphene. Since the as-prepared GO is an electrical insulator, various reduction methods have been developed to efficiently recover its electrical property. However, reduced graphene oxide (RGO) still exhibits much lower conductivity than pristine graphene, mainly due to the presence of irreversible defects, disorder and residual functional groups. Moreover, the reduction of GO involves strong reductive agents, such as hydrazine or dimethyl hydrazine, which are highly toxic and dangerously unstable. Therefore, direct thermal annealing at elevated temperatures, or CVD, is required to repair the defects and further remove the residual functional groups in RGO to improve its electrical properties, while eliminating the use of potentially hazardous reducing agents. However, these treatments increase the cost and complexity of the CVD process and they are unfavorable for low-temperature applications.
In order to avoid applying Hummers' method, Liang et al. [10] suggested a vacuum filtration method where reduction-fee thermally conductive surface functionalized multilayer graphene sheets are aligned in water to create paper-like graphene with low defect level and high conductivity. Recently, solvothermal techniques have been employed to produce grapheme [11] . Due to their unique features, such as very high self-generated pressure inside the sealed reaction vessel and containment of volatile products, solvothermal techniques are well suited for the preparation of metastable phases. Nethravathi and Rajamathi [12] and Dubin et al. [13] also reported the solvothermal reduction of exfoliated GO in organic solvents. On the other hand, Liang et al. [14] suggested that microwave could reduce defects on graphene sheet and concentration of function groups. However, this method presents the same disadvantages as all synthetic approaches where GO is used as starting material: the sp 3 defects cannot efficiently convert to sp 2 and the remaining oxygen groups [12] . Therefore, it is necessary to develop an effective method to directly produce graphene sheets, which have less defects and low oxygen content, resulting in much better conductivity. In this regard, we propose a simple method to produce graphene sheets by means of the microwave irradiated expansion of graphite intercalation compounds, which have been prepared through a solvothermal process. One of the advantages of this synthetic method is its simplicity without toxic chemical agents and harsh oxidation of graphite. Microwave irradiation facilitates mass production in a short time with little energy cost. Herein, we will show a detailed study of the structure and properties of the obtained FLG sheets.
MATERIALS AND METHODS
The expanded graphite (EG) [Quangdao Yanshou Graphite Co., Ltd. Qingdao Branch, China] was used as the starting material. This is transformed to a sheet with 2 to 5 atomic layers, though microwave irradiated expansion following a solvothermal process. This method is simple, inexpensive, produces usable results, and especially, does not generate toxic gas. Briefly, a potassium organic solution was first prepared by adding a stoichiometric amount of potassium hydroxide, 5 gram to 50 mL of tetrahydrofuran (THF) organic solvent, and stirred for 24 h at room temperature. Then, 0.5 gram EG was added to this solution, and the resulting mixture was transferred to a Teflon-lined autoclave (25 mL) and maintained at 250 °C for 72 h, during which time the mixture was stirred with a teflon magnetic stirrer. FT-IR spectroscopy is useful measurement tool for chemical functional groups characterization. Figure 6 displays FTIR spectra of EG and FLG. In the spectrum of EG, the peak at 1,699 cm -1 can be attributed to the stretching vibration of C=O. The strong peak at 1,530 cm -1 can be ascribed to the vibration of aromatic C=C. The spectrum also shows two peaks at 1,219 and 1,061 cm -1 , being originated from the C-O stretching vibrations of epoxy and alkoxy, respectively. Finally, the peak at 1,342 cm -1 can be due to the variations of tertiary C-OH groups. This result suggests that a certain number of oxygen functional groups have been introduced into the carbon frameworks of the EG material. It is clear that some degree of intercalation occurs in EG, and these intercalation sites provide a path for K + species. In the case of FLG, the peaks appear to be very similar to that of EG, suggesting that their original pristine structure has been retained in the final products. In addition, the peak intensity of oxygen functional groups of FLG (even some of them disappear) is than those of EG, suggesting the effectiveness of the solvothermal process in removing oxygen functional groups residing on the surface of the EG. Raman spectroscopy is widely utilized for analyzing the structural changes of carbonaceous materials, including disorder and defect structures, defect density, and doping levels [18, 19] . Figure 7 shows the Raman spectra of EG and FLG. The Raman spectrum of EG displays a prominent G band at 1,583 cm -1 which is commonly ascribed to the first-order scattering of the E 2g mode observed for sp 2 -carbon domains at the Brillouin zone center and a very weak D band at 1,355 cm -1 is related to sp 3 -hybridzed, structural defects, grain boundaries, carbon amorphous or edge planes that can break the symmetry and selection rule [20] . In the Raman spectrum of FLG, the G band appears at 1,583 cm -1 , which is consistent with the value in bulk EG, suggesting that the solvothermal process does not significantly disrupt the sp 2 carbon networks in the graphene sheets. It is worth noting that the D band of FLG also appears at a frequency of 1,355 cm -1 and its intensity is higher than that of EG, but much lower than that of GO [21] , indicating that the solvothermal method does not create significant structural defects. Our result is in good agreement with the previous study by Qian et al. [22] . The intensity ratio of D band to G band (I D /I G ) is usually used to measure the graphitization degree of carbon materials. The I D /I G is estimated to be about 0.14 and 0. 24 
